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Surface-modified silica nanoparticles have a plenty of applications, such as coatings, dyes or biomarkers,
catalysts and encapsulated products. When modified with 3-(trimethoxysilyl)propyl methacrylate (SiO,-
MPS) or covered with a polymeric shell obtained from a reaction between divinylbenzene and styrene
(SiO,-Pol), these SiO, nanoparticles induced distinct arrangements in polymer nanocomposites (PNC)
prepared with commercial carboxylated nitrile rubber (XNBR). The hydrophilicity character of the mod-
ified SiO, nanoparticles was also altered, improving their interaction with the XNBR macromolecules.
Consequently, choosing the PNC properties for different conditions and applications became possible
due to the adjustment of the nanoparticle surface characteristics. Although the final characteristics of
the nanocomposites films varied according to the nanoparticle used, the PNC prepared with SiO,-Pol
presented better homogeneity than those with SiO,-MPS.
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1. Introduction

Numerous efforts have been focused on the search for new
materials involving lower cost, greater durability and, especially,
lower environmental impact. In this sense, polymer nanocompos-
ites (PNC) become the focus of many research groups owing to their
superior mechanical and thermal properties. The field of PNC is of
growing interest due to the remarkable properties that result from
the effect of nanofillers in the polymer on macro and micro scales
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[1-8]. It has been shown that a system of well-dispersed nanopar-
ticles usually improve composite properties, since agglomerates of
particles can generate voids that act as preferential sites for failure,
reducing its general performance [9].

Silica nanoparticles with different morphologies, such as spher-
ical [2,10], core/shell [11,12], network [13] and mesoporous [14],
have been studied for many applications such as adhesives, indus-
trial coatings, electronic matrices and encapsulated pesticides and
drugs [11,15,16]. As fillers in PNC, spherical SiO, can improve the
interaction between the polymer and the inorganic phase [15].
However, their agglomeration, due to the dominant Van der Waals
interactions, has been an obstacle to its wide application [9].

Silica nanoparticles with the surface modified were found to
steadily disperse nano-SiO, in many organic media [12,17,18].
Furthermore, the silica-core/organic-shell also improves the inter-
action at the organic/inorganic interface and has been applied in
different technological fields [17]. The synthesis of silica/polymer
hybrid particles usually is reached via physical or physicochemi-
cal interaction between silica particles and the polymer or directly
through the polymerization on the surface of nanoparticles. In
the meantime, the morphology of hybrid particles that results
from the shell polymerization are hard to control and signifi-
cantly low encapsulation efficiency has been observed [11,12].
Von Werne et al. [19] obtained well-defined polymer-nanoparticle
hybrids modifying the surface of silica nanoparticles with initia-
tors for atom transfer radical polymerization (ATRP). They used
these initiator-modified nanoparticles as macro initiators, but only
small nanoparticles exhibited good control of the polymer molec-
ular weight. On the other hand, McDonald et al. [20] reported a
different approach to prepare hollow polymeric microspheres by
a process that initially involved the polymerization of chains with
low molecular weight, such as styrene, containing a small amount
of carboxylic acid [12,20-22].

The purpose of this study was to improve the dispersion of
three different kind of silica nanoparticles (unmodified SiO,, sil-
ica with its surface modified with silane groups and silica covered
with a polymeric shell obtained from a polymerization reaction)
in a matrix of carboxylated nitrile rubber (XNBR), as well as to
understand the organic/inorganic interface between the polymer
and the nanoparticles with modified hydrophobic and hydrophilic
characteristics. Furthermore, we investigated how nanocompos-
ites structures changed when different interfacial groups were used
between the nanoparticles and the polymeric matrix.

2. Experimental
2.1. Synthesis

Silica nanoparticles were synthesized through the hydroly-
sis and controlled condensation of tetraethyl orthosilicate (TEOS
98%, Aldrich, USA). A solution of 25 mL of distilled water, 35mL
of absolute ethanol, and 0.51 mol of NH3 from an aqueous solu-
tion (30%, analytical grade, Synth, Brazil) was prepared and
immediately added to a second solution prepared with 35 mL of
ethanol and 26.4 mmol of TEOS under vigorous stirring, result-
ing in a colloidal dispersion of SiO, nanoparticles. After 4h, the
surface of the SiO, particles was modified by adding 200 p.L of 3-
(trimethoxysilyl)propyl methacrylate (MPS) coupling agent (98%,
Aldrich, USA) directly into the silica dispersion, which was main-
tained under continuous stirring for 24 h at room temperature. The
functionalized SiO,-MPS nanoparticles were purified by repeated
centrifugation and washed with ethanol to separate the nanopar-
ticles by their size, as well as to remove any excess of NH3 and
MPS.

To cover the silica surface with the polymer shell, 50 mL of
Si0,-MPS nanoparticles were dispersed in ethanol (4mgmL-1)
and mixed with 2mL of a solution prepared with 120mg
of polyvinylpyrrolidone (Aldrich, EUA) and 2mL of anhydrous
ethanol, followed by the addition of 3mL from a solution pre-
pared with 1980 L of styrene (>99%, Aldrich, EUA), 2463 L of
divinylbenzene (DVB) (80%, Aldrich, EUA), 360 mg of azobisisobu-
tyronitrile (AIBN) (DuPont, Brazil) and 3 mL of anhydrous ethanol.
The reaction was heated to 60 °C using a silicone oil bath under con-
stant stirring for 5 h. After polymerization, the coated nanospheres
(Si0,-Pol) were separated from the suspension by centrifugation
and washed with ethanol. The monomers were firstly washed with
an aqueous solution of NaOH (5%, Synth, Brazil), distilled water and
dried with MgS04 (PA, Vetec, Brazil) to remove the inhibitor prior
to use.

The PNC films were prepared by a colloidal synthesis route mix-
ing commercial polymer lattices of XNBR (43.7% of solids and 25%
of acrylonitrile, Nitriflex, Brazil) with the colloidal dispersions of
silica nanoparticles. Aqueous colloidal dispersions of pure SiO,,
Si0,-MPS and SiO,-Pol nanoparticles (5% in mass) were prepared
in the presence of 0.1 molL-! of sodium dodecyl sulfate (SDS) to
improve the nanoparticle dispersion. After that, they were added to
the XNBR lattice, gently homogenized for 1 h, dried in Petri dishes in
an air circulation oven at 50 °C and then deployed as self-sustained
PNC films. One film of XNBR with only SDS was prepared to under-
stand the surfactant influence in the inorganic/organic interface.

2.2. Characterization

The morphology, size, and size distribution of SiO,, SiO,-MPS
and SiO,-Pol nanoparticles were analyzed by FTIR, HRTEM and SEM.
The infrared spectra were collected at room temperature in the
range of 400-4000cm~! with 32 scans and 4cm~! of resolution
in a FTIR infrared spectrometer (Bruker Equinox 55) with a diffuse
reflectance accessory. Diluted nanoparticle dispersions of SiO,-Pol
were dripped on copper grids covered with a thin amorphous car-
bon film to collect images in a TECNAI F20 field emission HRTEM
operating at 200kV. Scanning electron microscopy images of the
Si0,-MPS nanoparticles were recorded with a JEOL JSM-5600LV
operated at 20 kV. Transmittance infrared spectra of nanocompos-
ites films and of pure MPS were collected at room temperature in
the range from 650 to 4000 cm~! with 32 scans and 4cm~! of res-
olution in a FTIR infrared spectrometer (Bruker Equinox 55) with
an attenuated total reflectance accessory (ZnSe monocrystal). DSC
curves were taken with a Netzsch Phoenix 204 calorimeter in the
range from —100 to +100°C at a heating rate of 20°Cmin~1. X-
ray diffraction (XRD) patterns were recorded at room temperature
using a LabX XRD-6000 Shimadzu diffractometer operating with
Cu K, radiation, in the 26 range of 3-30°, in step scan mode with a
width of 0.02° and a step time of 2 s. Experiments of SAXS, which
provided valuable information about their structural features at
a nanometer-level, providing statistical and overall information
averaged in a volume in the order of 1 mm?3, were performed in
a Bruker AXS 2D Nanostar (EUA) with CuK,, radiation, operating at
40kV/35mA in a range of 0.01-0.23 A-!. The sample-to-detector
distance was fixed at 107 cm, and the time-resolved spectra of
nanocomposites were collected every 1200 s, with a minimum res-
olution in q=0.00628 A~1.

3. Results and discussion

Monodispersed SiO, nanoparticles were prepared by the
method originally proposed by Stéber et al. [23] and recently
optimized by Arantes et al. [24]. To improve and understand
the inorganic/organic interface between the nanoparticle and the
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Fig. 1. (a) SEM image of SiO,-MPS and its histogram; (b) HRTEM image of SiO,-MPS covered with the polymer shell.

polymer aiming to obtain better PNC, the SiO, surface was modified presence of the MPS coupling agent attaches polymerizable vinyl
reacting the silanol groups of the nanoparticles with hydrolyzed groups on the SiO,, which results in monodispersed core/shell
MPS. This reaction takes approximately 24 h in an EtOH/H,0 mix- functional hybrid nanospheres by the copolymerization of styrene
ture at room temperature, and it is expected to form siloxanes and DVB. The reactive vinyl groups were used here as seeds for
in competition with the MPS oligomerization reaction [10]. The the growth of the polymer shell layer, with the DVB acting as

Fig. 2. HRTEM images of SiO,-MPS covered with the polymer shell after 2,4,6 and 24 h of reaction time.
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Fig. 3. (a) Reflectance FTIR spectra of SiO,, SiO,-MPS and transmittance FTIR spec-
trum of pure MPS; (b) reflectance FTIR spectra of SiO;, SiO,-Pol and pure styrene
and DVB polymerized.

crosslinker and AIBN as radical initiator [12,22]. The SEM image
of Fig. 1a shows spherical SiO,-MPS nanoparticles with a smooth
surface and a narrow size distribution. The histogram of Fig. 1 revels
an average diameter of 250 nm and a standard deviation of 23 nm,
in good agreement with a recent optimized model based on a mul-
tivariate approach [24]. On the other hand, the HRTEM image of
Fig. 1b shows the silica nanoparticles covered with a polymer shell
(Si0,-Pol) with a thickness greater than 20 nm after 5 h of reaction,
which indicates that the technique is quite efficient to obtain the
polymer shell around silica nanoparticles.

Fig. 2 shows the polymeric shell thickness increasing with the
reaction progress after 2, 4, 6 and 24 h, indicating that the shell
thickness could be controlled by the monomer concentration, poly-
merization time and molecular weight of the polymer molecules.
Particularly, the control of the thickness of core/shell nanoparticles
broadens the PNC applicability, which can be used as dyes and inks,
protector of light-sensitive compounds, in heterogeneous catalysts
and to prepare encapsulated compounds [21,25-27].

The functionalization of silica with MPS groups is highlighted
in the SiO,-MPS FTIR spectrum (Fig. 3) by the presence of the
peak at 1713 cm~! due to the C=0 stretching and by peaks in the
range of 1190-1140cm~! corresponding to the C—C(=0)— stretch
of esters, which overlap the strong absorption at 1106 cm~! of the
Si—O—Si symmetrical vibration [28]. The presence of MPS onto the
silica surface is evidenced by the peaks in the 1450-1323 cm™!
region corresponding to in plane and out of plane bending CH,
vibrations [28], also presented in the SiO,-Pol spectrum from
the polymeric shell formed by styrene and DVB. A peak of C=C
from the silane group at 1635cm™! is partially overlapped by the
band of untreated asymmetrical vibration of the silica centered at
800cm~1 [10,12,29]. According to Bauer et al. [30], the complete
disappearance of the MPS band at 2847 cm~! in the SiO,-MPS spec-
trum is due the splitting of methoxy groups during the grafting

NX-5%

Sio,-Pol
> | Nx-5%
& |sio, MPs
(0]
o
S | Nx-5%
= | sio,
g
c
© [XNBR-sds
'_

v
N ¥ Y 7
Cl;H CH cid-0) /j//v//

e i) IELAEEESS RLIRZAALED EASZEEE RN IR U EE LAY L * * *

4000 3000 2000 1000

Wavenumber (cm™)

Fig. 4. Infrared spectra of XNBR, XNBR in the presence of SDS surfactant and XNBR
nanocomposites (NX) with 5% of SiO, 5% of Si0,-MPS and 5% of SiO,-Pol.

process. Furthermore, the absence of the silanol band at 3670 cm™~!
confirms the covalent bonds between the methoxy functional
groups and the silanol groups of the SiO, surface [30].

In the case of SiO,-Pol, its spectrum shows the presence of the
typical phenyl absorption of the styrene and DVB at 705cm~! and
the asymmetrical stretching of CH, at 2916 cm~! overlapped by the
OH stretching vibrations of Si-OH [12], which was also observed in
the SiO,-MPS spectrum at 2979 cm ~! [28].

When silica nanoparticles (SiO,-MPS or SiO,-Pol) were inserted
in the XNBR to form PNC, their FTIR spectra show differences
compared to the spectrum of pure XNBR, especially in the range
800-1400cm~"! (Fig. 4). This region consists of two asymmetrical
coupled vibrations at 1192 and 1130cm~! from the carbox-
ylate anion, out-of-plane bending in 1350-1150cm~! and the
sulfate stretching of the SDS surfactant in 1415-1380cm~! and
1200-1185cm~!. The vibrational modes associated to the buta-
diene bands appear at 964cm~! (trans 1,4-butadiene), 915 cm™!
(1,2 butadiene) and at 694 cm™! (cis 1,4-butadiene) [28,29]. These
results suggest that the carbonyl groups and the double bonds
of butadiene groups are interacting with silica nanoparticles.
Nanocomposites with 1% and 5% of SiO,-MPS show some bands
shifted to higher wavenumber, indicating that the energetic con-
dition of the polymer chains was modified due the presence of
nanoparticles.

The microscopic structure of the samples was studied by XRD,
which is normally used to identify long-range order of crystalline
materials. In this study, both silica and the polymeric matrix present
an amorphous halo in their XRD patterns (Fig. 5). Nevertheless,
the nanocomposites showed some diffraction intensities between
3-10° and 20-25°. These peaks were also observed in the XRD
pattern of the dry surfactant powder and their presence in the
patterns of PNC can be related to SDS arrangements formed dur-
ing the film drying [31]. The shift of these peaks to smaller angles
in the XRD pattern of the PNC indicates a larger intermolecular
spacing between the SDS molecules in the presence of the XNBR
rubber. Since the surfactant was initially dissolved in water aim-
ing to facilitate the dispersion of nanoparticles into the polymer
and the homogeneity of the PNC, it seems that the intermolecular
arrangements of the SDS were promoted by the functional groups
of the polymer, especially the carboxylates.

The SDS and similar surfactants have been extensively applied in
emulsion polymerization [32,33], synthesis of core/shell particles
[34] and to improve the dispersion of single and multi-wall carbon
nanotubes (SWNT and MWNT) [35-37] or silica [38-40] in different
polymeric matrices. Its use can promote a preferential adsorption
of the sulfate polar group on the surface of the nanoparticles by



R.L. Sala et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 462 (2014) 45-51 49

NX-5% SiO,-Pol

NX-5% SiO,-MPS

NX-5% SiO,

XNBR-SDS
XNBR

SDs

Intensity (a.u.)

sio,

5 10 15 20 25 30
26 (°)

Fig.5. XRD patterns for XNBR, XNBRin the presence of SDS surfactant and nanocom-
posites with 5% of SiO,, 5% of SiO,-MPS and 5% of SiO,-Pol.

——NX.5% SiO_-Pol
10000 4 o SIP, o
—— NX-5% SIO,-MPS
—— NX-5% SiO2
1000—_ —— XNBR-SDS
~ E —XNBR
35
& 1004
C
10
14
T
0.01 0.1

-1
q(A”)
Fig.6. SAXSintensity, I(q), as a function of the scattering vector, g, for XNBR, XNBR in

the presence of SDS surfactant and nanocomposites with 5% of SiO2, 5% of Si0,-MPS
and 5% of SiO,-Pol.

electrostatic interaction, reducing the formation of agglomerates
in organic media [38]. However, the behavior of SDS in the PNC
films has not been fully investigated yet. Among the PNC with dif-
ferent modified SiO,, the sample with 5% SiO,-Pol seems to have
the best nanoparticle distribution and homogeneity, since only two
small broad peaks were observed in the XRD patterns. The polymer
shell might have reduced the silica hydrophilic character and aggre-
gation in the final nanocomposite [38], interacting their phenyl
groups with the XNBR matrix.

The morphology of the nanocomposites was also investigated
by SAXS, which provided additional information about the aver-
age distance between possible domains present in the samples
and the correlation volume associated to their spatial distribution,
the organic-inorganic phase boundary and its degree of ramifi-
cation [27]. This technique is adequate to study the structure of
hybrid materials because of the contrast in electronic densities
between organic-inorganic phases at nanoscale, and provides valu-
able information about their structural features from the statistical
information averaged in a volume of approximately 1 mm?3 [32].

Fig. 6 shows the SAXS intensity as a function of the scat-
tering vector (q) of different PNC and XNBR. In the profile of
pure polymer, small broad peaks at q=0.2A-1 appear probably

due to intramolecular and intermolecular nanodomains spatially
correlated that originated from interactions of the XNBR functional
groups. These peaks are also presentin all the PNC scattering curves,
but with different intensities. The average distance between these
domains (d) embedded in the continuous polymeric matrix were
calculated by the Bragg equation (Eq. (1)) and are shown in Table 1
[27,41,42].

2w

qmax

d=

(1)

The correlation volume associated to the spatial distribution
of the nanodomains (L) shown in Table 1 were estimated by the
Scherrer equation for SAXS (Eq. (2)), where Agq is the full-width at
half-maximum of the correlation peaks [41,43].

_ A4m
= Ag

All the d and L. values were calculated from SAXS curve, show-
ing three small broad bands at g=0.163, 0.196 and 0.207 A~'. For
these bands, the correlation volume associated to the spatial distri-
bution of nanodomains increased for the nanocomposites and for
the polymer with SDS, possibly due to the increase of the matrix
density in the presence of nanoparticles [43] and the formation
of small polymeric nanodomains distributed for all the material.
This result can be related to a better dispersion of nanoparticles,
favoring regions where the nanodomains are spatially correlated.
When larger segregation is present, the low dispersion degree can
result in a three-dimensional network of nanoparticles, restrain-
ing the extension of regions where silica and XNBR nanodomains
are spatially correlated [43]. Furthermore, the presence of silica
nanoparticles could have formed coacervates of XNBR, leading to a
new arrangement of XNBR domains with different sizes.

On the other hand, the materials synthesized with the surfactant
showed an intensity scattering at g=0.160A-1, probably related
to an intramicellar form factor resulted from the electronic den-
sity of the polar SDS shell formed in the XNBR polymer domain
[44]. Romani et al. [44] studied sodium dodecyl sulfate micelles
systems in different conditions of pH interacting with drugs, sol-
vents and at distinct shapes such as prolate ellipsoid, cylinder and
esferic, by SAXS [44-48]. They reported that the SDS monomers
may reassemble into cylinder-like aggregates to accommodate the
polar headgroups from poly(ethylene glycol) and poly(N-vinyl-2-
pyrrolidone), mediating their interaction in this ternary system of
surfactant and water-soluble polymers [44].

I(q)ocq™P (3)

More information about the aggregation state could be obtained
from the Porod equation (Eq. (3)) described for the middle g region
(0.01-0.1A-1) and obtained from the log-log SAXS curves in the
Fig. 7 [27,43]. In this equation, D is the power law exponent that
is correlated with the fractal dimension, quantifying the manner in
which the mass of an object increases with length. This exponent
reflects an averaging over the power law distribution of cluster sizes
and provides information about the surface roughness of the hier-
archical structures formed in the nanocomposites [27,43,49-51].
Schaefer et al. [49,51] distinguished the morphology of various
sol-gel derived materials based on silica, describing 1<D<3 for
polymeric precursors, 3 <D <4 for rough colloids, D =4 for smooth
colloids and D >4 for surfactant-coated colloidal particles. In this
study, the exponent D found for the PNC was between 2 and 3
(Table 1), indicating a mass fractal of polymeric structure with open
three-dimensional network of weakly branched polymeric system
[49,52]. In general, the larger the fractal dimension, the more con-
nected is the structure [37]. In this sense, smaller D values obtained
for the nanocomposites when compared to the pure copolymer
indicate that the silica nanoparticles, especially the SiO, covered

L (2)
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Table 1
dL¢, D, Ty values calculated for XNBR and nanocomposites.

Samples q=0.163A! q=0.196 A1 q=0.207 A1 D (A) Ty (°C)
d(A) Le (A) d(A) Lc (A) d(A) L (A)

XNBR 38 215 32 457 29 1802 3.03 -19.8

XNBR-sds 39 477 33 923 31 942 2.74 -22.7

NX-5% Si0, 39 403 33 1023 31 1096 2.84 -22.9

NX-5% Si0,-MPS 39 457 32 704 30 1119 2.73 -18.9

NX-5% SiO,-Pol 39 421 33 1104 30 908 2.61 -19.6
10 - formed in the polymer matrix, resulting in a superior mobility of

3 o NX-5% SiO,-Pol .
] 3 L the nanocomposites.
] . 3 " ® NX-5% Si0-MPS For the NX-5% SiO,-MPS and NX-5% SiO,-Pol nanocompos-
9 i . . . .
8 ¢ 8 = NRSwSIO; ites, the Tg values were slightly higher than in the pure polymer,
s ' " ® XNBR-SDS i.e.,, the presence of nanoparticles may have reduced the mobil-
. % 033' ® XNBR ity of the polymer chains, probably due to a better interaction
T 6 ® e 'o"aa between the organic/inorganic phases [15]. Liu and Zhao [12] also
c % . °o°:33% observed an increased of 2 °C in the Ty of styrene-butadiene rubber
= ] e, 93,0 (SBR) nanocomposites with the insertion of nanosilica by colloidal
44 ®o, route, followed by the coagulation of the latex. According to the
authors, the rise in Ty was due to the restricted mobility of the SBR
7 chains resulted from the strong interfacial interaction of the silica
2 nanoparticles with the polymeric matrix.

Additionally, changes in heat capacity at T; (ACp) may reveal
_4|5 4[0 e some relaxation aspects of the amorphous rigid content in XNBR

Lnq

Fig.7. Ln-Ln SAXS curves for the middle q region (0.01-0.1 A=") of pure XNBR, XNBR
in the presence of SDS surfactant and nanocomposites with 5% of SiO,, 5% of SiO,-
MPS and 5% of SiO,-Pol.
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Fig. 8. DSC curves for pure XNBR, XNBR in the presence of SDS surfactant and
nanocomposites with 5% of SiO,, 5% of Si0,-MPS and 5% of SiO,-Pol.

with the polymer shell and the surfactant reduced the dense poly-
meric chains interconnection in the final materials.

Glass transition temperatures (Tg) of the PNC were determined
from the DSC analysis and the values are listed in Table 1. Fig. 8
shows the DSC curves of the nanocomposites prepared with dif-
ferent nanoparticles, where can be noted that the XNBR-SDS and
NX-5% SiO, samples have lower Tg than the pure polymer due to the
higher mobility of the polymer chains surrounding the nanopar-
ticles and a possible increase in the spacing and free volume by
the presence of nanoparticles, which restricts the extent of regions
where nanodomains of silica, surfactant and XNBR are spatially cor-
related [53]. MéIlé et al. [53] also reported that data from SAXS
and atomic force microscopy confirmed that higher silica con-
tent leads to greater three-dimensional percolation of its network

matrix. As can be seen in Fig. 8, the presence of SiO,, SiO,-Pol
or SiO,-MPS fillers did not cause significant changes in ACp. This
behavior indicates that the interaction between modified silica
nanoparticles and XNBR was not sufficiently intense to promote
a rigid interfacial phase, which is consistent with the coacervated
state observed by SAXS.

4. Conclusions

Polymer nanocomposites films were prepared by a colloidal syn-
thesis route mixing commercial polymer lattices of XNBR and sur-
face modified silica nanoparticles with 3-(trimethoxysilyl)propyl
methacrylate (SiO,-MPS) or covered with a polymeric shell
obtained from a reaction between divinylbenzene and styrene
(Si0,-Pol). When introduced into the XNBR matrix, these nanopar-
ticles were dispersed in the polymeric nanodomain arrangements,
forming a mass fractal system and coacervated structures with
open three-dimensional network of linked nanoparticles and XNBR
chains. The shell thickness of SiO,-Pol nanoparticles was success-
fully controlled varying the polymerization time and seems to have
improved their dispersion in the polymeric media and enhanced
the interface between the inorganic/organic phases. Additionally,
the SDS surfactant induced the organization of the polymeric
macromolecules in the nanocomposites, retaining its intramicel-
lar form factor and crystalline structure in the final nanocomposite
films. The use of different modifying agents on the silica surface
generated distinct polymeric domains and dispersion in a poly-
meric matrix, controlling the final nanocomposite structure.
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